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AN  AMLYSIS  OF  TElA-UraC  ACX3IDSNTS  ON  COUHTy  RQAJDS 

imSDIKJCTKm 

In  i960,  there  were  over  73  nrlllion  motor  vehicles  in  tho 
Ifaited  States.  ApproxirastGly  12  million  (iT  percent)  of  these  vere 
truclcs  and  buses  \7t1ile  the  remaining  6I  million  (83  percent)  vere 
passenger  cars.  Trucks  traveled  appraxlmately  I30  billion  miles  for 
that  year  and  transported  38  percent  of  the  total  tonnage  of  goods 
(1600  million  tons),  and  passenger  cars  traveled  approximately  59O 
billion  miles  (l,  2)^0    This  is  a  phenomenal  gro'wth  in  an  industry 
and  method  of  travel  that  did  not  exist  sixty  years  ago. 

Wi-Qi  this  great  and  increasi:^  nunfcer  of  vehicles  on  the  roads 
and  streets  today,  the  pjrobability  that  they  -will  hit  each  other  or  some 
other  object  or  person  becomes  gres-ter  and  greater.  Sixty  years  ago, 
the  accident  problem  ira.s  very  snail.  Soday,  there  are  sli^tly  less 
than  to,  000  deaths  per  year  attributable  to  motor  vcdiicles.  In  addition, 
there  are  usny  major  and  ma.ixr  injuries  plus  an  estimated  cost  to  the 
Ifaited  States  econo^jr  of  6. it  billion  dollars  (I960)  for  deaths,  medical 
chEurges,  time  lost  from  work,  property  daiisge  and  other  related  items  (s)- 

In  Indiana  in  recent  years  there  have  been  ai>prox:iiiately  100,000 
accidents  per  year  with  greater  than  fifty  dollars  daasge.  Biis  figure 
has  been  aboxit  the  same  for  the  period  1952  to  1959  (4).  During  the 
same  period,  accidents  on  state  hi^ways  have  been  decreasing  i&ile  accidents 
on  county  roads  have  been  increasing.  Figure  1  presents  a  graph  of  these 
trends  for  iTiral  traffic  accidents  in  Indiana  for  the  period  1952-1959, 
and  Tlable  1  shows  the  data  from  -vfiiich  these  regression  lines  were  determined. 


*  Kuiabcrs  in  parentheses  refer  to  references  listed  in  the  bibliography  at 
-  the  end  of  the  report. 
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The  pvtrposG  of  this  rcsearcli  ^4as   to  investigate  the  causes  of 
and  detenninc  possible  renedies  for  the  rising  number  of  covmty  road 
accidents  in  Indiana.  Coxmty  road  cccidents  ^rere  defined  for  the  purpose 
of  this  study  as  all  traffic  accidents  occurring  on  roads  xdaich  are 
admini-stered  by  the  County  Conmissioners  in  Indiana  except  accidents 
occurring  at  intersections  of  county  roads  with  state  highvays.  Baese 
latter  accidents  are  nonaally  charged  to  state  highways. 

The  Infonaation  used  3ai  this  research  yas   obtained  from  accident 
records,  and  the  best  available  source  of  this  type  of  information,  the 
accident  repoirts  -vdiich  are  filed  at  the  Indiana  State  Police  Headquarters 
in  Indianapolis,  vas  Txtillzed. 

State  lav  requires  that  the  driver  of  each  v^iicle  Involved  in 
an  accident  file  an  accident  report  -with  the  Indiana  State  Police  for  any 
accident  ^Ich  involves  property  damage  of  more  than  ^0  or  ■v&ich  invol-vres 
an  Injiuy  or  death.  The  investigating  officer,  if  there  is  one,  also 
files  an  accident  report.  53aereforej.  most  accidents  of  significance  are 
recorded.  Generally,  the  reports  completed  by  police  officers  are  quite 
complete  "vdille  the  reports  filed  by  persons  involved  in  an  accident  are 
often  of  questionable  accuracy.  Bie  investigating  officer  has  an 
opportunity  to  interro^te  persons  Involved  and  to  investigate  the  physical 
Victors  present,  and  he  does  his  best  to  prepare  an  accurate  report « 

fhe  philosqpliy  stated  in  the  last  paragraph  is  recognized  by  the 
Indiana  State  Po2ce  ^en  coding  the  InfozToation  for  each  accident  so  that 
it  can  be  placed  on  punch  cards  \Ailch  can  then  be  suimiarlzed  by  machine 
methods.  As  a  consequence,  the  punch  cards  contain  the  best  Information 
available  about  each  accident.  Ihe  accident  report  punch  cards,  there- 
fore, suited  the  pvurposes  of  this  project  very  veil  and  vere  the  primary 
source  of  information  for  this  study- 
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To  determine  'wfalda  itenus  of  Information  vovdd  be  most  valuable, 
a  tbcax)u^  pilot  study  for  one  county  was  perfonnedo  For  convenience, 
Tippecanoe  county  was  usedo  In  general,  it  -was  foxmd  that  much  of  the 
recorded  accident  data  did  not  svitiplj'-  infornatlon  of  value  to  this  study = 
dere  vere  several  items,  hotrever,  wiich  appeared  significant  and  these 
were  investigated  in  a  general  *udy  for  ten  counties .  Hhese  ten  counties, 
except  for  Tippecanoe  couni^j  were  chosen  randomly  by  use  of  a  table  of 
random  numbers,  and  are  representative  of  all  counties  in  the  State <> 
The  ten  counties  selected  axe  sho^ffl.  in  Figure  2  and  were: 
Adams  Madison 

Brown  Steuben 

Hendriclis  Sullivan 

Jefferson  Tippecanoe 

Lawrence  Waanie 

Duiing  1958  and  1959  there  were  265O  accidents  involving  39?3 
v^iicles  in  these  ten  counties,  or  approximately  ten  percent  of  the  total 
nuBiber  of  accidents  en  county  roads  in  the  entire  state.   2ie  accident 
factors  -vdiich  vere  determined  fram  the  pilot  study  to  be  worthy  of 
possible  profitable  investigation  ^-ere  divided  into  rtaditlay,  trsufflc 
control  and  miscellaneous  factors  o 

Five  roadway  factors  were  found  "^^3^.0^  indicated  that  rcccmnendations 
for  corrective  action  mi^t  be  possible  after  additional  study «  Biese  five 
vere: 

ao  Roadway  defects 

bo  Sinrface  characteristics  affecting  skidding 

c.  Roadway  Curvatui-e  and  speed 

d.  Vision  obscureanents 

e.  5ype  of  intersection 


Pour  trajETic  control  factors  were  found  -vfliich  suggested  that 
additional  analysis  vas  desirable: 

ao    Traffic  controls  xitilized 

to    ]>Lrectlonal  analysis 

c.  Driver  violation 

do  Speed 

Three  miscellaneoi^s  factors  were  found  idiich  indicated  sctne 
possibility  of  providing  interesting  and  valuable  infoimation  related  to 
accidents: 

ao  Weather  conditions 

b»  Tlype  of  time  (standard  or  daylight  saving) 

Co    Accident  severity  and  property  damage 

Bach  of  these  factors  was  investigated  for  the  coun-ty  road 
accidents  i&Lch  occurred  in  the  ten-ccunty  saaple  and  the  results  of  the 
analysis  are  reported  In  the  following  sections  of  this  report. 

BQAJmY  mCTGRS 
Boadvrey  Defects 

For  practical  reasouBj,  roadway  surfaces  were  classified  into 
two  types  -  hard  and  granular.  Included  in  the  hard  surface  group  were 
all  surfaces  \&i±<±.  were  not  constructed  of  loose  mateairial,  i<,eo,  gravel, 
sand  or  dirto  The  is^iortairt  road  defects  are  shown  in  Table  2  c  A  total 
of  4.3  percent  of  the  hard  surface  road  accidents  occurred  \&ere  loose 
siu'fiaee  material  was  present,  perhaps  gravel  or  dirtliirown  unintentionally 
hy  vehicles  frcm  side  roads  and  Moulders. 

Holes,  ruts,  and  bu&^s  were  found  to  be  sll^tly  more  troublesoooe 
on  granular  surfaces  in  this  saispleo  Defective  shoulders  caused  about  the 
same  amount  of  trouble  on  both  types  of  svurfeuzes  and  occurred  for  3.6  percent 
of  the  total  accidents . 
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No  road  defects,  on  the  other  hand,  existed  for  81.1  percent  of 
the  total  accidents.  Dais  Is  an  Indication  that  there  are  very  few  defects 
on  county  roads  that  are  blamed  for  traffic  accidents  hy  the  persons 
Involved  In  the  accidents  or  that  drivers  condensate  (hy  driving  slower, 
vlth  aore  care,  etCo)  for  poor  road  conditions. 

It  is  posslhle,  howRver,  that  part  of  the  18. 9  percent  Tdilch 
claimed  a  road  defect  could  have  been  prevented  hy  in^rovei  maintenance  <> 
Loose  Qurf^e  is&t&rijel  on  hard  aurfaces,  holes,  ruts,  tnmgsj   and  defective 
shoulders  do  ccotribute  to  accidents  on  county  jjoads  and  their  effect 
could  be  minimized  by  better  elimination  of  these  defects.  Loose  surfe^e 
material,  however,  is  inherent  ^ri.th  si^'aaular  surf&ces,  acd-vezy  little  can 
be  done  about  this  clajjned  defect  excefpt  the  construction  of  a  hard  surface  o 
This,  however,  may  not  be  economically  possible  or  desirable  for  laich  of 
the  county  road  system.  Couirty  road  classification,  based  on  traffic 
volumes  and  the  developn^mt  of  a  systems  approach  to  county  transportation, 
must  be  coo^leted  before  it  is  decided  -iibloh  specific  i*oads  should  be 
sxnrfaced  with  other  liian  granular  surfaces.  It  is,  therefore,  recommended 
that  all  counties  classi:^  their  county  roods  and  plan  ftor  the  early 
develoipanent  of  hard  surfaces  on  the  aajor  county  rood  systems.  Biis  action 
would  undoubtedly  result  in  fewer  accidents. 

Surface  Characteristics  Affecting  Slddding 

Skiddizig  infoimatloa  was  obtained  for  hard  and  srasmLar  surfaces. 
Table  3  shows  the  resul.ts  of  this  tabulation  fcnr  19^  and  19^9  data. 

^e  information  in  the  table  is  for  both  wet  and  dry  conditions 
as  the  pilot  study  Indicated  that  a  separate  analysis  of  these  conditions 
would  not  \>e  of  veaue.  'She  tabulation  indicates  that  skiaaing  Is  an 
Inipartant  factor  in  accidents  on  both  types  of  surPaces  and  that  the 
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frequency  of  accJLdexite  Involving  skidding  on  hard  or  gramolar  Btirfaces 
Id  slMlaro  Itie  information  indicates  that  converting  a  granular  surface 
to  a  liard  sttrface  will  not  result  in  a  great  redixction  in  the  number  of 
accidents  involving  skidding « 

Roadway  Curvature  and  Speed 

Q3ie  first  statistical  analysis  cccupleted  vas  to  compere  the 
speeds  of  hard  surface  road  acc5.dents  vith  granular  surface  road  accidents 
(see  Tahle  k)o    ISais  analysis  indicated  tliat  people  do  have  accidents  at 
hi^er  speeds  on  hard  surface  roads  than  on  granular  smrface  roadS;,  a 
result  vbich  vas  not  une!goected« 

A  second  analysis  vas  then  isade  to  determine  whether  theire  vas 
a  significant  difference  betvoen  the  speeds  on  cxnnres  and  the  speeds  on 
tangent  sections  of  roads  of  a  particular  surface  typeo  The  difference 
in  the  tvo  mean  speeds  (on  curved  and  tangaxb  sections)  on  hard  sisrface 
roads  vas  ho6  MFH,  and  it  vas  therefore,  concluded  that  accidents  happened 
at  significantly  hi^er  speeds  on  cxirves  then  on  tangen'b  hard  surface 
secticmso  Ihe  raeosx  speed  difference  for  the  tvo  geosoetric  conditions  on 
granular  surface  roads  vas  only  lc.2  VS&g   a  value  idiich  indicates  no 
significant  difference  in  the  speeds  Just  prior  to  accidents  on  ctirves 
and  tangent  sections  of  g;ranular  surfaces  o 

Bxe  reported  accidents  an  cmrves  of  hard  surface  roads  occurred 
at  higher  speeds  than  on  tangent  sections  of  these  same  roads.  !Qiis 
indicates  that  in  many  cases  motorists  vere  traveling  at  speeds  too  high 
to  safely  traverse  the  curves  on  hard  surface  roads,  possibly  because  they 
had  too  little  vaming  of  the  curve  or  that  they  vere  traveling,  as  many 
drivers,  on  a  "i»0  MPH  sinrface  vlth  a  20  MPH  geanetry".  Kiere  are  three 
possible  solutions  to  this  problem:  l)  the  speeds  mif^t  be  reduced,  2) 
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the  geonetric  deslga  of  the  road  could  be  iiz]{)roved,  or  3)  the  road  should 
not  be  coiistructed  -with  a  hard  surface  o  Speeds,  as  others  have  shoun 
(6)  are  dllTlcult  if  not  iiqpos^lble  to  reduce,  especially  for  all  but  the 
MDst  careful  driver.  The  only  alternatives  vdiich  exist,  therefore,  are 
to  iiiprove  the  surface  and  the  road  geometzy  or  to  leave  the  road  surfaice 
a  granular  one.  It  is^  therefore,  recammended  that  idienever  a  surface 
iiqprovement  is  warranted,  the  geanetric  design  of  curves  and  other 
features  must  be  changed  so  as  to  safely  permit  l^e  hi^er  speeds  that 
vlll  occuro 

On  granular  surface  roads,  as  there  vas  no  significant  difference 
in  accident  speeds  for  curves  and  tangent  secticms,  drivers  apparently 
ea^pect  shaz^ter  curves  and  more  defects  and  therefore  make  appropriate 
corrections  in  their  driving  speed. 

Visi<»  Obscurements 

It  has  long  been  a  belief  of  losny  people  that  county  roads  softer 
frcm  poor  si^t  distance  because  of  vision  obscinreisients  at  izrbersections . 
Biis  part  of  the  stvidy,  therefore,  vas  undertaken  to  determine  the  effects 
of  vision  obscurements  on  traffic  accidents « 

Solas  drivers  may  ccscpensate  for  poor  driving  conditions,  such  as 
poor  vision,  but  adjusting  to  saah  conditions  is  at  least  an  irritant 
factor.  Others  do  not  adjust  their  driving  to  poor  si^t  conditions,  but 
blindly  and  rapidly  move  ahead.  ISixe  seriousness  of  vision  obscuremfint  as 
en  accident  problem  should  be  indicated  by  the  percentage  of  drivers 
claiming  a  vision  obscurement  as  one  of  the  causes  of  their  accidents. 

Sable  5  lists  the  vision  obscvirenents  by  quantity  and  percentage 
of  the  total  as  determined  in  this  sttidy.  Of  the  2650  accidents,  there 
vere  only  256  accidents  in  ■which  the  driver  or  the  investigating  officer 
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claimed  a  visloa  obsciiretnentc.  Only  l^i-  (.^  percent)  of  such  accidents 
lnvt>lved  vLalon  obscurements  due  to  the  histruay  or  adjacent  property. 
The  remainder  were  vehicle  related  obscurements,  such  as  fogged  wind- 
shields, snow,  etco 

It  was  concluded  f  rcssi  these  findings  that  vision  obscureoent  at 
county  road  intersections  due  to  roadside  factors  is  not  a  major  problem, 
and  that  any  problem  of  vision  obscuremant  is  related  to  the  vehicle » 

^l^ype  of  Intersection 

It  was  found  in  the  pilot  stu^y  that  three-way  intersections 
were  sqgrproximately  twice  as  safe  as  four-way  intersections  o  Tbla  stuc^ 
was  then  expanded  to  discover  "wiiether  this  was  true  for  the  ten  counties 
in  the  study*  Bie  number  of  the  varioxis  types  of  intersections  was 
obtained  by  counting  them  en  official  coiinty  road  mapSo 

As  shown  in  Sable  6,  three-W8^  intersections  ("T"  and  "Y"  inter- 
sections) are  aprproadinately  foui*  times  safer  than  Vway  intersections, 
assuming  that  similar  volumes  of  traffic  used  the  three  and  four-way 
intersections  i4ilch  were  analyzedo  Even  though  this  may  not  be  exactly 
true,  it  is  true  that  volune  differences  can  not  account  for  the  total 
difference  in  accidents., 

One  of  the  reasons  for  less  accidents  at  three-way  intersections 
Is  the  well-lQiown  f&ct  that  there  are  only  three  conflict  points  at  three- 
way  Intersectians,  and  sixteen  conflict  poiirts  at  four-way  intersections (?)< 
ThiH  is  graphically  shown  in  Figure  3o  A  second  reason  could  be  that 
drivers  axe  better  Informed  of  the  intersection  at  three-way  than  at  four- 
way  intersections  o  In  most  cases  the  driver  approaching  a  three-way 
intersection  an  the  non-throu^  leg  is  warned  of  the  intersection  'by 
directional  arrows  or  other  signing  or  by  advertising  signs «  !Ilils 
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Infom&tlon  permits  these  drivers  to  take  the  necessary  care  \iaen  passing 
throu^  the  intersection »  lirlvers  approaching  four-xray  county  road  Inter- 
sections, on  the  other  hand,  are  seldom  provided  infoxnation  relative  to 
the  location  of  the  intersection,  as  few  such  intersections  are  signed  or 
ixtillze  adequate  traffic  controls* 

These  resvilts  indicate  that  better  traffic  control  atfinir-vay 
interaections  ndj^t  iiiprove  the  relatively  poor  accident  experience  at 
these  ixrtersectionso  Better  control  of  traff3.c  on  one  of  the  apposing 
crossroads  ty  stop  or  yield  signs,  if  the  traffic  volume  is  sufficient 
to  -warraat  such  signs  is  reconaiendedo  All  traffic  control  signs  and 
signing  practice,  of  course,  should  be  in  accord  with  the  provisions  of 
the  ciurrent  Indiana  Maiaial  cm  Unifbrm  Trajgfle  Control  Devices  for  Streets 
and  HighTjays  and  state  asA  local  laws  (8)0 

The  fact  that  three-vay  inrfcersectious  are  safer  than  four-vay 
intersections  should  also  he  gi\ren  serioxzs  corsideration  v&en  road  layouts 
In  new  county  subdivisions  are  approved  and  in  redesigning  local,  lo»= 
volume  counlgr  roads  o 

TRKSFIC   COBTROL  EACTOKS 
Oiype  of  Accident 
liable  7  sumzxirizes  the  accid^it  data  by  Is^ortaot  traffic 
controls,  ^e  tabulation  clearly  shows  that  tirafflc  controls  were  not 
appreciably  utilized  at  locations  vbere  county  road  accidents  occurred  in 
1958  and  1959 «  ©le  85  o4  percent  of  "no  control"  for  all  county  road 
accidents  is  an  e^ctreraely  high  percentage  o  As  a  cctEOP^rison,  no  traffic 
cccitrol  existed  at  onJy  iHo9  percent  of  all  traffic  accidents  in  Ii^lana, 
1n''l^^'^^^T>g  those  on  county  roads,  and  at  only  25  e7  percent  of  the  total 
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intersection  accidents  in  IndJ.ana  in  1938  •  ^Ihese  data  may  indicate  that 
trafTlc  control  is  not  utilized  on  coimty  roads  as  inuch  as  is  desirable. 

Table  8  caiis>ares  the  co\aity  road  accident  data  for  the  ten 
coimties  for  1958-1939  vi-th  sicdlar  data  for  all  reported  accidents  on  all 
hlgb'uays  fbr  the  entire  state,  ^e  Inforioation  of  this  table  indicated  a 
similarity  of  accident  t;/]^  on  county  roads  and  on  all  roads  and  streets 
in  Indiana  except  for  rear-end  collisions^  sidesvipe  accidents,  collisions 
with  a  parked  car,  and  dzrLveway  accidents  for  tuo  vehicles,  and  left  road 
at  a  curve  and  pedestrian  accidents  for  single  v^lcles.  For  three  of 
these  accident  t;jrpes  -  rear-end  collision,  collision  with  a  parl&ed  car  and 
pedestrian  accidents  ••  the  hi^er  rate  is  on  other  than  county  roads.  ^Qiis 
is  net  imexpected  because  of  the  lov  volumes  of  traffic,  the  small  number 
of  parlcad  cars,  and  the  few  pedestrians  on  county  roads » 

^Qiree  accident  types,  howsver,  occurred  at  a  hi^er  rate  on 
coim'^  roads  i^an  an  aH  hi^i^ays  and  streets  in  Indiana  o  'JQiese  constituted 
Wo5  percent  of  all  tvo-vehicle  accidents  aad  30 «0  percent  of  aH  one- 
vehicle  accidents  on  counl^  roads  •  percentages  tiixich  if  reduced  to  those 
for  all  accidents  irould  be  a  reduction  for  tvo-vehicle  accidents  of  21 o9 
percent  azid  for  one-vehicle  accidents  of  llo2  percent  o 

Sidesvipe  collisions,  vith  the  involved  vehicles  meeting  head 
on  or  going  the  same  direction,  vas  the  most  frequent  type  of  ttro'V^iicle 
accident  on  county  roads  o  ^Qiis  type  of  accident  constituted  3,kal  perc^at 
of  all  county  road  tw^-vehlcle  accideaats,  but  rnily  l8,7  percent  of  all 
InfU.pjria  two-veiiicle  accidents  o  There  are  nanjr  possible  conditions  that 
could  cause  this,  but  naxroxr  pavesnent  and  shoulders  and  the  almost  cociplete 
absence  of  centerlines  on  even  hard  surfaced  roads  are  the  most  probable 
causes o 
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Accidents  occtirriiig  at  driveways  \fere  also  much  greater  (porccntaces) 
for  covmty  roads  o  Biere  are  tvo  possible  causes  for  drlvevay  accidents; 
driver  inattentiveness  and  poor  visibility  conditions.  However,  it  vas 
found,  as  previously  mentioned,  that  there  is  virtually  no  visibility 
cause  for  accidents  except  for  vdilcle  obscttrements »  !Biis  is  an  indication 
that  the  careless  driver  exiting  or  entering  a  driveway  is  often  a  cause 
for  these  accidents,  as  the  other  vehicle  on  the  3road  has  the  right-of- 
way  and/or  good  visibility. 

Hie  third  type  of  accident  Tdiich  occurs  more  often  on  county 
roads  than  data  focr  the  state  indicates  that  it  should  is  i^ere  one 
vehicle  leaves  the  road  on  a  curve »  As  previous3y  discussed,  a  large 
nisdber  of  sin^e  vehicle  accidents  occur  on  hard  surface  county  roads  at 
curves  because  of  speed  at  these  locations  o  li^erience  indicates  that 
ceaterlines,  edge  lines,  curve  and  other  ^naming  signing  on  roads  at 
curves  are  very  helpful  in  reducing  accidents  at  these  locations,  as  they 
give  the  driver  a  forevaming  of  the  ciarve  and  guidance  around  the  cun.'eo 

Drj-^er  Vio3jation3 

Several  driver  violations  occurred  in  sufficient  volume  to  waxrant 
an  analysis  o  23aible  9  shows  'these  data  tabulated  in  a  two-way  frequency  with 
Traffic  Control  Present.  Again,  there  is  a  preponderance  of  "Jfo  Control 
Present"  for  laoet  classes  of  violation »  For  each  of  these,  there  is  no 
proof  that  controls  would  reduce  the  number  of  accidents »  However,  it  is 
a  recognized  fact  that  traffic  ctmtrols  do  reduce  accidents  i&en  used 
appropriately  (x). 

It  iaprooalslG  ,  moreover,  that  the  presence  of  centerlines  on 
the  hard  surfsace  roads  idiere  seme  of  the  driving  left  of  center  violations 
occurred  would  have  reduced  the  violations  and  the  accidents.  It  is  also 
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Elf2^ily  probable  that  yield  or  stop  signs  at  the  locations  ■where  a 
ri£^t-of-vay  violation  occurred  ^lould  have  reduced  the  violations  and  the 
accidents  if  the  volume  on  the  major  road  ^^arraxited  such  signing.  It  ir. 
also  possible  that  better  speed  control  on  county  roads  would  have  reduced 
the  accidents  on  these  roads o 

One  "t^pe  of  violation,  disregarded  traffic  signal  or  sign^  shovra 
that  considerable  violation  of  the  little  traffic  contxtsl  signing  -(diich 
occxars  on  county  roads  already  occurs o  Biis,  however,  is  not  a  condeinnatlon 
of  good  traffic  control  practices  but  maybe  a  result  of  the  non-standard, 
poorly  planned,  inadequately  imintained,  and  inadequate  signs  and  signals 
idilch  do  exist. 

Table  10  conspares  the  percentage  data  of  driver  violations  for 
accidents  on  county  roads  in  the  ten  counties  eaad  in  "all  reported  accidents" 
in  the  state  o  Shree  driver  violations  do  not  occur  in  similar  percentages 
in  the  two  cases.  55iese  violations  are  "did  ncyfc  give  ri^t«of -"aay , 
"followed  too  closely" j>  and  "driving  to  left  of  cetrfcer". 

Bie  first  of  these,  "did  not  give  ri^t-of-way" ,  occurs  less 
frequently  on  coxmty  roads  than  for  the  state  as  a  i&oleo  As  mantloned 
previously,  traffic  volumes  on  coxmty  roads  a-re  usually  low  ipfliile  higji 
volxiaes  occvir  on  most  city  streets  and  other  rural  roads  (9)»  It  is 
•  therefore  logical  that  there  are  fewer  violations  of  this  l^pe  as  there  is 
less  opportunity  for  them  to  occur  <> 

lllie  violation,  "followed  too  closely",  is  also  less  on  county 
roads  because  there  are  lower  volumes  of  traffic  on  county  roads  than 
other  roads  and  streets,  and  also  less  qpporttinity  for  this  driver  error 
to  happen o 
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The  third  factor,  "drlviagto  left  of  center",  is  much  higher  for 
county  roads  than  for  "all  .reported  accidents"  In  the  state.  ^Is 
violation  data  further  supports  the  conclusion  mentioned  previously,  that 
lack  of  centerlines  definitely  caxises  drivers  to  "crovid"  the  center  of  the 
road  and/or  that  narrow  roads  and  shoulders  cause  drivers  to  drive  nearer 
the  center  of  the  road  than  \iSi&2.  the  roaduay  Is  TxLder. 

Speed 

Speed  Is  often  associated  \d.th  accidents  and  Is  recognized  as  a 
contributing  factor  to  accident  severityc  'She  accident  reports  tocluded 
infornatlon  re!l£.tlve  to  the  speeds  at  "which  the  drivers  of  vehicles 
Involved  in  accidents  were  traveling  Just  prior  to  involvesaeats  Figure  h 
is  a  cumulative  frequency  ctirve  of  the  reported  speeds  for  all  the  county 
road  accidents  of  I958  and  1959  in  tlie  ten  counties. 

One  ha^-P  of  the  accidents  occurred  at  reported  speeds  below 
22.5  MPS  and  90  percent  of  the  accidents  at  speeds  less  than  45  MPH. 
Approxinately  10  percent  of  the  accidents  occurred  above  a  reported  ^eed 
or  h^  MPH  and  ojjly  one  percent  above  sixty  MPH. 

A  45  MES  speed  limit  has  been  urged  for  all  county  roads  except 
specific  road  sections  otherwise  speed  zaasd.  by  county  authorities.  The 
^>eeds  reported  on  the  accidents  analyzed  in  this  study  indicate  that 
such  a  speed  limit  Is  realistic  to  drivers  as  85  percent  of  them  reported 
a  speed  of  U2  MFH  <»r  less.  Xhe  85th  percentile  speed  at  tAtlch  drivers 
travel  on  a  road  is  often  recognized  as  the  proper  speed  limit  for  that 
location  unless  reas<His  idiicb  the  driver  cannot  see  varrant  a  lover  speed 
limit. 


-  llv- 
MISCELLANEOUS  FACTORS 
Weather 

Weather  data  xrere  obtaiiaecl  frcm  the  U.  S.  Weather  Bureau  Monthly 
Reports  for  all  veather  stations  in  the  Indiana  area.  With  the  aid  of  the 
State  ClinatologiBt,  these  data  vere  interpolated  station  by  station  to 
give  the  approadmate  number  of  hours  of  each  "l^e  of  veather  for  I958  and 
1959  for  each  of  the  ten  counties  studied.  For  each  county,  the  percentage 
of  the  total  number  of  accidents  that  happened  in  a  given  type  of  veather 
■was  divided  l::y  the  percentage  of  the  total  number  of  hours  of  that  type 
of  weather  o  This  factor  is  called  Percent  A/ri  Ratio  and  the  results  of 
this  analysis  are  shown  in  Table  Ho 

A  standard  statistical  test  vas  used  to  determine  the  significance 
of  the  different  k/E  actios .  It  was  found  that  on  county  roads  inclement 
weather  had  no  detrimental  effects  on  the  fteijuency  pf  accidents  o  More 
specifically,  fog  and  snow  and  sleet  conditions  resulted  in  fewer  accidents, 
while  rain  had  no  significant  effect  on  accident  frequency.  The  results 
are  contradictory  to  the  beliefs  held  Tjy  many  persons.  Ho^rever,  one 
exjplanation  could  be  that  people  drive  fewer  miles  during  an  hour  of  fog 
or  snov  and  sleet  than  they  do  in  one  hour  of  good  weather.  In  the  case 
of  fog,  it  xistuaUy  occvirs  in  the  early  hours  or  morning  -Wbea  the  traffic 
volumes  are  low  and  drivers  nay  voluntarily  reduce  their  driving  when 
snov  and  sleet  exist .  Drivers  Bay  also  cczs^ensate  for  the  hazardous 
conditions  end  thereby  travel  with  greater  care  during  bad  weather 
conditions. 

The  infonr&tion  obtained  from  this  analysis  indicates  that 
county  road  safelqr  programs  to  be  of  the  greatest  value  should  be  directed 
toward  reducing  accidents  during  good  weather  conditions  rather  than 
diurin^  bad  weather. 
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Time 

Dayll^t  savlzxg  time,  or  eastcxu  standard  tixae,   has  been  a 
controversial  subject  In  Indiana  for  several  years  o  Reduction  of  accidents 
is  one  of  the  many  factors  \dilch  nticht  occixr  because  of  a  time  change  and 
lAlch  has  been  utilized  "by  the  proponents  of  daylight  saving  tljneo 

Some  of  the  comrbies  ^ich  vere  used  in  this  study  operated  on 
central  standard  time  for  at  least  a  portion  of  the  year  ^diile  others 
operated  on  dayli^t  saving  tine  for  the  full  year.  It  is  also  generally 
believed  th&t  any  advantage  for  daylight  saving  time  relati\'e  to  accidents 
VDuld  occur  in  the  vlntcr  laonths  ^en  dusk  and  darloiess  occur  during  the 
evening  peak  period  of  travel*  Qiese  tvo  conditions,  therefore,  indicated 
that  an  analysis  of  accidents  by  hour  durizig  the  five  month  period, 
November  throu^  March,  for  the  counties  in  each  of  the  t-»o  tine  groups 
mlg^t  shov  scBs  In^oved  accident  condition  for  one  o£   the  tvo  tiioe  t^es. 

Bie  accidents  for  these  five  months  wei'e  tabulated  vith  the  two 
time  zones  and  the  2k  hours  of  the  day  as  the  tvo  variables  of  classlficaticaio 
Ihe  results  are  illustrated  in  Figure  5« 

Hie  statistical  analysis  of  the  data  indicated  that,  for  the 
counties  in  this  study,  type  of  time  had  a  significant  effect  on  the 
distribution  of  accidents  over  the  entire  day,  and  that  it  also  had  an 
effect  OQ  distribution  diodng  the  periods  of  the  day  "uhen  both  ll^txt  and 
traffic  ccnditions  were  most  variable,  but  no  difference  as  to  the  total 
number  of  accideixts  vas  notedo  !Qie  effect  on  accident  distiiiution  over 
the  entire  day  may  be  due  to  different  traffic  volume  patterns  throughout 
the  day  because  of  the  type  of  time  and/or  other  factors »  ^e  sigoificant 
effect  on  accident  distrtbution  dxnring  the  variable  11^^  hovors  of  the 
day  may  also  be  due  to  different  traffic  volume  patterns  during  these  hours. 


>   CK>   SOtft'. 
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Zhis  stu^,  moreover,  indicated  tliat  no  reduction  of  total  accidents 
could  be  anticipated  because  of  a  cbange  from  Standard  to  Daylli^t 
Saving  tlioe. 

Accident  Severity 

OSiere  are  three  classifications  of  accidents  according  to 
severity o  Ihey  are  f&tal^  non-fatal  injury,  and  property  daznageo  Property 
daoiage,  of  course,  occurs  in  alioost  every  accident  but  an  accident  Is  not 
classed  as  a  property  dazaatje  accident  if  a  fatality  or  an  injuzy  occurs* 
suable  12  vas  prepared  from  the  annttal  Indiana  State  Police  Accident  Susmciry 
Sheets,  and  shows  the  number  of  £Satal  accidents  per  each  one  hundred 
accidents  for  accidents  on  county  roads  and  on  rural  state  hl^vayso 

The  nujober  of  fatal  accidents  per  100  accidents  on  county  roads 
vas  tested  statistically  to  detentdne  if  -ttiere  was  any  significarrt  difference, 
at  a  significance  level  of  <>05,  bet^ueen  It  and  the  nuznber  found  for  state 
and  rural  roads.  It  iias  found  that  there  have  been  significantly  fever 
fatal  accidents  per  100  accidents  on  ccnxaby  roads  than  on  state  rural 
roads  during  the  past  ei^rt  yearSo 

It  Is  g^ierally  recognized  that  the  severity  of  an  accident  is 
relative  to  the  speed  of  the  vehicles  involved  o  As  the  accident  InfornBtion 
included  data  on  the  speed  of  the  vdiicles  invxjlved,  as  reported  by  those 
Involved  in  the  eu^cident  or  investigation,  an  analysis  vas  made  of  the 
relationship  between  the  repmrfced  speed  and  the  severity  of  the  accident. 
It  vas  found  that  the  average  reported  pre*accident  speed  for  fatal  accidents 
vas  35«3  miles  perhour,  non-fatal  injtoy  accidents  27.9  miles  per  hour,  and 
property  dazisge  only  accidents  23.0  miles  per  hour.  It  vas  foxmd  that  all 
three  avez-age  speeds  vere  significantly  different. 


I 
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Bie  cost  to  the  Ifeited  States  for  vehicle  accidents  has  been 
estimated  at  60  4  billion  dollars  for  I96O.  ISoIb  study  also  Included  a 
determination  of  the  cost  of  accidents  on  county  roads  In  Indiana. 

In  the  ten  counties  studied,  there  vere  265O  accidents  with  cm 
estimated  total  reported  proEperty  damage  of  $1,063,  ^*^«  ©ils  is  an  average 
properly  damage  per  reported  accident  of  $i«01,20  or  apprcDdLmately  $itOOo  If 
the  ^■'♦OO  is  multiplied  by  the  total  number  of  accidents  per  year  on  county 
roEuls  in  Indj^ana  the  total  property  damage  per  year  is  estimatedo  It  has 
been  estinated  by  the  National  Safety  Couac5-l  that  each  fatality  is  a 
cost  to  the  national  econcsx^  of  $30,000  in  vages  lost  and  other  items  and 
■aiat  a  corresponding  figure  for  each  ixon-fatal  injury  is  $l600  (lO). 

The  total  costs,  using  this  method  of  calcrilation  for  Indiana 
and  Shown  in  Table  I3,  rose  steadily  from  1952  to  I957  but  sljghtly 
decreased  in  1958  and  1959 »  25ais,  however,  cannot,  be  taien  as  a  trend 
because  of  the  short  time  involved..  'Ihe  ^B  million,  however,  of  accident 
costs  on  county  roads  for  1959  is  a  tremendous  economic  burden  for  Indiana 
to  carry  and  is  38  percent  of  the  total  funds  expended  by  county  hi^way 
authoirlties  on  county  roads  in  Indiana  in  1959 » 

COncniSIOKS  AISB  RfZXSfMBNDtl^OIlS 
The  following  conclusions  and  reconsnendatXons  relative  to  county 
road  accidents  in  Indiana  were  made  fsxjm  the  findings  of  this  study: 

1.  Bead  defects  are  not  a  major  cause  of  county  road  accidents  o 

A  sl^rt  Isprcvem^rt  in  county  road  accident  statistics  is  possible,  however, 
with  in^roved  maintenance  of  shoulders  and  the  elimination  of  holes,  ruts, 
and  bunpSo 

2.  Little  lii5)ravement  in  the  coimty  road  accident  problem 
results  from  converting  a  granular  sinrface  road  to  a  hard  surf^e  one. 
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Accidents,  in  fact,  will  moat  likely  increase  if  the  road  geometry  is  not 
ingproved  at  the  same  time  as  the  conversion  to  a  hard  stirface  is  performed. 
It  is  recoaiBnended  whenever  a  surface  inprovement  is  warranted,  based  upon 
road  classification  and  a  systems  approach  to  county  highway  transportation, 
that  the  geometric  design  of  curves  and  other  features  must  be  changed  so 
as  to  permit  safely  the  hifigier  speeds  which  will  result, 

3e  ajiere  is  no  iasjortant  hl^way-relate£,  vlslon-obscurement 
pjroblem  vbldh.  is  nob  adequately  con^iensated  for  by  the  drivers  on  Indiana 
county  roads  o  Biere  is  a  minor  problem,  however,  of  vision  obscurement 
related  to  the  vehicle,  sxich  as  fogged  windows,  snow^  etc. 

ho    Biree-way  intersections  were  found  to  be  much  safer  than  four- 
way  intersections  o  It  Is  reccsnmended  that  this  finding  be  used,  tdienever 
possible,  in  designing  local  streets  in  stibdlvisions  and  in  redesigning 
local  county  roadso 

5.  fetter  traffic  control  at  four-way  intersections,  \diere 
conditions  wsorrant,  is  indicated  o  It  is  recozamended  tlmt  stop,  yield, 
crossroad  warning,  or  other  traffic  control  devices  be  erected  at  all  foxir- 
way  intersections  ^diere  the  warrants  as  provided  in  the  Indiana  Mfuh-aI,  on 
Ifaiform  Traffic  Control  Devices  for  Streets  and  Hl^ways  are  meto  All 
8\2ch  devices  should  be  in  accord  with  the  requirements  cf  this  Tmmwl  and 
other  state  and  local  laws. 

60  A  major  cause  of  accidents  on  coxmt^  roads  in  Indiana  is  the 
narzxnr  roadway  and/or  shoulders  and  the  absemiie  of  centerlineso  It  is 
recamnended  that  county  highway  programs  of  roadway  and  shoulder  widening 
for  major  county  roads  be  developed  and  aggressively  pursvsed  and  that 
centerllnes  be  placed  on  all  arterial  hard  surface  roads. 

7«  Vehicles  involved  in  accidents  have  an  85th  percentile 
reported  speed  of  approxlinate]^  U2  miles  per  hour*  It  is  recanmended  that 
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a  speed  limit  of  45  miles  per  hour  for  all  covinty  roads  except  sections 
specifically  speed  zoned  for  higher  or  lower  speeds  by  county  authorities 
he  established o 

8.  Ttie  time  distribution  of  accidents  occiirring  in  counties 
using  DaylifijUt  Saving  Tirae  is  significantly  different  from  that  in  counties 
tising  Central  Standard  Timeo  Ko  areduction  or  increase  in  total  accidents 
■vdiich  may  be  associated  -with  Hie  type  of  tiine  vaa  noted. 

9d  The  average  property  danage  resulting  from  each  county  road 
accident  vas  $400  and  the  total  cost  of  all  county  road  accidents  in  the 
state  vas  l8  million  dollars  in  1939°  "Shis  is  a  tiremendous  burdem  for 
the  state a 

lOo  ^e  analysis  of  the  data  for  this  project  emphasized  the 
vell-laaoTm  fact  that  the  driver  is  responsible  for  a  major  share  of  county- 
road  accidents o  It  is  recoraoended  that  more  attention  be  given  in  county 
safety  programs  to  the  driver  and  that  he  be  contintiaUy  informed  and 
educated  concerning  accident  causing  ccndltioas  and  the  perscaaal  economic 
impact  of  having  an  accident  o 
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TABLE  1 


Sl^attRY  OF  RURAL  HIGHHAY  ACCIDEHTS  IK  UnXEAm 


Hural  Total  f>  County 

Year  County  Roads  State  Hi^vays      Rtiral  Road    of  Total  Rural 

No.  of  Accidents      No.  of  Acoidents      Accidents        Accidents 


1952 

785T 

23889 

317^ 

2it.2 

1953 

979^ 

22751 

3251*5 

30.1 

195^ 

101^36 

20326 

32177 

32.5 

1955 

1.1B51 

23038 

31*889 

3l«-.0 

1956 

12322 

22792 

351li* 

35.2 

195T 

12339 

21827 

3U166 

36.2 

1958 

1263^^ 

20084 

32718 

38.7 

1959 

13330 

22te2 

35752 

37.3 

TABLE  2 
PERCENTAGE  OF  ACCIDENTS  CAUSED  BY  ROAD  DEFECTS 


Road  Defects 

Hard 
Surface 

Granular 
Surface 

All  County 
Roads 

Loose  Surface  Ilaterial, 
Gravel,   etc. 

4.3 

25,2 

11.3 

Holes,   Ruts,    Burcps,   etc. 

2.0 

7.9 

4.0 

Defective  Shoulders 

3.1 

4.6 

3.6 

IIo  Defects 

90.6 

62.3 

Slol 

100.0 

100.0 

100.0 

Percent  of  All  Coimty 

Road  Accidents  GS.S  33.4 


TA-BLE  3 

ACCIDEOTS  IIJVOLVIIjG  SKIDDII'IG 

Type  of  Surface       Total     Skidded     Skidded 
I]  N  % 

Hard  Surfaces  1753  350  20.0 

Granular  Surfaces       880  221  25.1 


TA-BLE  h 
ACCIDENTS,   ROAEHJAY  CURVATURE  AND  SPEED 


HoadvQ.y  Curvature 

Straight 

Straight 

Curved 

Curved 

All 

Surface  type 

Hard 

Granular 

Hard 

Granular 

Conditions 

Nujnber  of  accidents 

1049 

512 

407 

248 

2216 

85th  percentile  speed. 

n^jh 

43 

39 

46 

36 

42 

Average  speed  (x),  mph 

25.8 

25.2 

30.4 

24.1 

26.3 

\ard     -27.1  MPH 


X  T  =  24.8  IdPH 

grantilar 


TA3LE  5 

ACCIDENTS  AND  VISION  OBSCUREIMTTS 


Number  of 
Accidents 

Percent  of  Total 

Vision  Obscured 

Trees,  crops,  etc. 

Sign  boards 

Hillcrest 

Vehicle  obscureraents 

256 
9 

2 

3 

9.8 

.3 

.1 

.1 

9.3 

Vision  Not  Obscured 

23A4 

90.2 

Total 

2600 

100.0 

TABLE  6 

ACCIDEOTS  AT  INTERSECTIONS 

Type  of 
Intersection 

Percentage 
of 

Accidents 

Percentage 

of 
Intersections 

Safety 
Ratio 
Acc./lntero 

"T"  Intersections 
"Y"  Intersections 

35.7 

2.0 

37o7 

1     62.3 

64o4 
6.6 

.057 
.031 

Total  -  "T"  and  "Y" 
4-yay  Intersections 

71.0 
29o0 

.055 
.220 

Total 

100.0 

100.0 

— 

TA3LE  7 
ACCIDENTS  AND  TRAFFIC  COIWROL 


Type  of 
Traffic  Control 

Used 

Accidents 
N 

Occurring 

Traffic  Signal 

19 

.7 

Stop  Sign 

158 

5.9 

Warning  Sign 

158 

5.9 

Center  Line 

55 

2.1 

No  Traffic  Control 

2233 

85.4 

2623 

100.0 

TA.BLE  8 

ACCIDENTS  BY  TYPE 


Two  Veliicle  Accidents 

One  Vehicle 

Accidents 

Type  of 
Accident 

Counties 

% 

Ind. 

% 

Type  of 
Accident 

Counties 
% 

Ind. 

Angle 

Col  1 i  sion 

22.9 

23  o3 

Left  Road 
(Straight  Road) 

48.9 

42.6 

Rear  End 
Col.li.sion 

4.6 

19.8 

Left  Road 
(at  curve) 

30oO 

18.8 

Sidesvdpe 

34.1 

18.7 

Other  Colli- 
sion types 

10.1 

12.5 

Hit  Parked 
Car 

6.1 

13.3 

Stmck 
Pedestrian 

1.3 

12.4 

Turning 

7o4 

9.8 

Left  Road  at 
Intersection 

7.6 

7.9 

Driveway 

14o4 

6.8 

Won  Collision 

2.1 

5o8 

Others 

10o5 

8.3 

TOTAL 

100.0 

lOOoO 

TOTAL 

lOOoO 

100.0 

TA.BLE  9 


ACCIDEOT3  MU3  TRAFFIC  VIOLATIONS 


Traffic  Control     No  Traffic  Control 


Traffic  Violation 


Pi^esent 


Present 


Total 


Did  not  give  right-of-way  75 

Followed  too  closely  39 

Other  improper  driving  74 

Driving  to  left  of  center  63 

Improper  passing  17 

Exceeded  legal  or  safe  speed  44 

Made  improper  turn  22 

Disregaixied  traffic  signal  10 

Disregarded  stop  sign  36 


242 

317 

125 

164 

246 

320 

614 

677 

111 

128 

179 

223 

84 

106 

~~. 

10 

— 

36 

TOTAL 


380 


1601 


1981 


TABLE  10 


ACCIDENTS  MJD  TRAFFIC  VIOLATIONS 


Percent 


Traffic 
Violations 


County- 
Roads 

All 
Indiana 

16.0 

23  o3 

8.3 

18.0 

16.1 

12.5 

34.1 

10.8 

6.5 

9.7 

11.3 

7.5 

5.4 

6,6 

.5 

4.6 

1.8 

3.5 

0.0 

3.5 

Did  not  give  right-of-way 
Folio-wed  too  closely 
Other  iinproper  driving 
Driving  to  left  of  center 
Improper  passing 
Exceeded  legal  or  safe  speed 
I-lade  improper  turn 
Disregarded  traffic  signal 
Disregarded  stop  sign 
Other 


TOT/iL 


lOOoO 


lOOoO 


TA.BLE  11 

ACCIDENTS  MID  VJEATHER 


Hours 

of 

Percent 

Weather 

Accidents,  % 

Weather, 

ct 

A/H  Ratio 

Clear  and  Cloudy- 

82.6 

75o5 

lo3^ 

Rain 

Uo4 

9.3 

1.11 

Snow  and  Sleet 

3.9 

4.8 

.73 

Fog 

2ol 

10.4 

.20 

Total 

100.0 

100.0 

1.00 

TABLE 

12 

ACCIDENT 

SEVSRITY 

Year 

County  fioads 
Fatal  Ace,/ 
100  Ace. 

Rui'al  State  Iibads 

Fatal  Ace./ 

100  Ace, 

1952 

1.92 

2.63 

1953 

1.75 

2.61 

195/^ 

1.64 

2.44 

1955 

1.34 

2.40 

1956 

1.41 

2.49 

1957 

1.58 

2o49 

1958 

1.39 

2.39 

1959 

1.24 

2.28 

Total 

lo50 

2.47 

•SABLE  13 
COUOTY  RDAD  ACCIDENT  COSTS 


Year 

Noo  of  Accidents 

Accident  Costs 

1952 

7857 

ii?13,500,000 

1953 

9794 

14,900,000 

1954 

10436 

16, 500, 000 

1955 

11851 

17,600,000 

1956 

12322 

18,600,000 

1957 

12339 

19,900,000 

1958 

12634 

18,  800, 000 

1959 

13330 

18,300,000 
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Figure  2     Locci-bion  of  Counties  studied 


CONFLICT 
POINTS 


3    WAY    INTERSECTION 


CONFLICT 
POINTS 


4    WAY     INTERSECTION 


Fi^-ure  3     Comparison  of  Conflict  Points  at  S-Legged  and  ^-Logccd  Intersections 
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